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GASTROINTESTINAL SYSTEM WITH TRACTION MEMBER 
FIELD OF THE INVENTION 

The present invention relates generally to medical imaging, diagnostic and 
therapeutic systems, and particularly to a self-propelled imaging, diagnostic and 
therapeutic system that moves along a gastrointestinal (GI) tract by traction. 

BACKGROUND OF THE INVENTION 

Many imaging devices are known for producing medical images of body lumens, 
such as the gastrointestinal (GI) tract. For example, endoscopy is widely used for 
observing, photographing tissue, and taking specimens from lesions and the like. In a 
conventional method of examining a colon using an endoscope, for example, the 
endoscope is typically manually inserted into the colon. In this manual technique, patients 
may often complain of abdominal pain and distention because the colon is extended or 
excessively dilated, thereby necessitating stopping the endoscopic procedure. 
Furthermore, it is not unusual for the colon to bleed and be accidentally perforated. 
Insertion of an endoscope through the sigmoid colon and into the descending colon, or 
through the splenic flexure, the transverse colon, the hepatic flexure or parts affected by 
previous operations may also be accompanied with difficulty. Because of these reasons, a 
colonoscopy is typically performed by a relatively few number of skilled practitioners, 
and the rate of patient pain and discomfort is high. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide an improved gastrointestinal system which 
is self-propelled, suitable for imaging body lumens, such as the gastrointestinal (GI) tract, 
as is described in detail further hereinbelow. The imaging system of the invention may be 
sterile and disposable, and may be manufactured at very low cost. The system may have 
very low friction and provide maximum comfort and flexibility. The system provides 
excellent visibility and its motion may be controlled by its own propulsion and/or may be 
externally controlled by an operator or some remote device, or any combination thereof. 
The system may successfully track along the colon even up to the cecum without 
blockage and slippage. 

There is thus provided in accordance with an embodiment of the present invention 
a gastrointestinal system including a carrier including an actuator in operative 
communication with at least one traction member, the actuator moving the at least one 
traction member relative to the carrier, wherein the at least one traction member is 
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movably supported across supports extending from the carrier, and wherein a portion of 
the at least one traction member between the supports is sufficiently compliant so as to 
deform in conformance with a shape of a gastrointestinal tract during traction therealong. 

The gastrointestinal system may include one or more of the following features. 
For example, the traction members may be arranged for rotation about a pulley system. 
The pulley system may be coupled to the actuator by a gear train. The pulley system may 
include a belt placed around pulley wheels, wherein the traction member may be spaced 
from and connected to the belt by spacers. The traction member may be more compliant 
than the belt. An imaging device, diagnostic device and/or therapeutic device may be 
disposed in the carrier. The carrier may be at least partially disposed in a removable 
sheath. A protective funnel may be provided for introducing/extracting the 
gastrointestinal system in/from a body lumen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from the 
following detailed description taken in conjunction with the drawings in which: 

Fig. 1 is a simplified pictorial illustration of a gastrointestinal system, constructed 
and operative in accordance with an embodiment of the present invention, comprising 
traction members extending from a carrier; 

Fig. 2 is a simplified side view illustration of introducing the gastrointestinal 
system of Fig. 1 into a rectum, wherein the gastrointestinal system is initially disposed in 
a sheath; 

Fig. 3 is a simplified side view illustration of removing the sheath to expose the 
gastrointestinal system; 

Fig. 4 is a simplified side view illustration of one of the traction members tracking 
along the gastrointestinal tract, in accordance with an embodiment of the present 
invention; 

Fig. 5 is a simplified pictorial illustration of a portion of an actuator that moves 
the traction members so as to propel the gastrointestinal system along the gastrointestinal 
tract, constructed and operative in accordance with an embodiment of the present 
invention; 

Fig. 6 is a simplified pictorial illustration of an actuator that moves the traction 
members, constructed and operative in accordance with another embodiment of the 
present invention; 

Fig. 7 is a simplified pictorial illustration of a gastrointestinal system, constructed 
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and operative in accordance with another embodiment of the present invention, 
comprising traction members extending from a carrier; and 

Fig. 8 is a simplified illustration of a roller of the gastrointestinal system of Fig. 7. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Reference is now made to Fig. 1, which illustrates a gastrointestinal system 10, 
constructed and operative in accordance with an embodiment of the present invention. 

Gastrointestinal system 10 may comprise a carrier 12 that includes an actuator 14 
(seen in Fig. 5 or Fig. 6) in operative communication with one or more traction members 
16. In the illustrated embodiment, carrier 12 may include a barrel-shaped body with an 
imaging device 18 disposed therein. (It is noted that the invention is not limited in any 
way to this configuration.) Imaging device 18 may comprise a camera or CCD, in which 
case the body of carrier 12 in the area of imaging device 18 is preferably transparent to 
facilitate capture of images. Imaging device 18 may alternatively comprise other devices, 
such as but not limited to, an x-ray imaging device. 

Additionally or alternatively, a diagnostic device 25 and/or therapeutic device 27 
may be disposed in carrier 12, for example, without limitation, an iontophoresis drug 
delivery device (e.g., including an active (drug delivery) electrode with a reservoir of a 
drug to be administered, and a dispersive electrode connected to an iontophoretic current 
generator that produces a controlled, direct current stimulus for iontophoretic delivery of 
the drug), an injection device for injection of a substance (e.g., a miniature hypodermic 
needle with a syringe containing a substance to be injected), a photodynamic 
therapy/diagnosis device (e.g., an LED-based light infusion device), a hyperthermic 
therapy/diagnosis device (e.g., miniature high frequency ultrashort wave electrodes), an 
ultrasonic therapy/diagnosis device (e.g., miniature ultrasound transducer). Another 
gastrointestinal tool may include a dye applicator, which may be used to coat, paint, spray 
or otherwise apply a color, pigment, dye or other highlighting substance on the inner 
\yalls of the GI tract. In this manner, polyps or other growths or anomalies may be 
highlighted so that they are more easily discerned and imaged by the colonoscope. This 
itiay also aid in pattern recognition by the colonoscope. It is also noted that certain polyps 
or other growths may react differently to the addition of the dye, such as in terms of color 
change, absorption, etc., and the reaction of the growth may be correlated to its 
probability of turning into a cancerous growth. Any number of traction members 16 may 
be provided, such as three in the illustrated embodiment. The traction member 16 may 
include a compliant belt (of any width and size) arranged for rotation about a pulley 
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system 20. Actuator 14 may comprise a servomotor, for example, coupled to pulley 
system 20 by a gear train 21. For example, as seen in Fig. 5, the gear train 21 may include 
a central beveled gear 22 to which are meshed a plurality of spur gears 24 mounted on 
shafts 26. Actuator 14 may rotate the central beveled gear 22, which in turn causes 
rotation of the spur gears 24 and shafts 26. The shafts 26 and/or any other support 
elements of the traction members 16 may be flexible or spring-biased so that when the 
gastrointestinal system 10 is deployed in the GI tract, the traction members 16 are urged 
against the inner walls of the GI tract. 

Fig. 6 illustrates an alternative arrangement of the actuator 14 coupled to traction 
members 16A with another gear train 21 A. It is appreciated that these are just two 
examples of embodiments of the actuator and traction members, and many other 
configurations and linkages are possible within the scope of the invention. 

Referring again to Fig. 1, the pulley system 20 may comprise a belt 28 placed 
around pulley wheels 30. The pulley wheels 30 may be mounted for rotation on ends of 
shafts 26 by any suitable connection or linkage 32. The traction member 16 may be 
spaced from and connected to belt 28 by spacers 34. The traction member 16 may be 
more compliant than belt 28. For example, traction member 16 may be constructed of 
silicone rubber or some other medically safe elastomer, and belt 28 may be constructed of 
a stiffer medically safe elastomer, such as polyurethane. 

Reference is now made additionally to Fig. 4. The actuator 14 moves the traction 
members 16 relative to carrier 12, as indicated by arrows 36. The traction members 16 are 
movably supported across supports extending from carrier 12, wherein in the illustrated 
embodiment, the supports are the pulley system 20 with its spacers 34. A portion of the 
traction member 16 between the supports (e.g., between spacers 34) is sufficiently 
compliant so as to deform in conformance with a shape of the gastrointestinal tract 40 
during traction therealong (in the direction of arrows 42). "Traction" of traction member 
16 along the GI tract 40 refers to the adhesive force between the traction member 16 and 
the GI tract 40 that is used to propel the system along the GI tract 40. The compliance and 
Resilience of the traction member 16 may help in advancing the system in the tortuous and 
flexible passageways of the Gi tract 40. 

It is noted that the shear adherence of traction member 16 to the GI tract 40 in a 
direction along a surface of the GI tract 40 (as indicated by arrows 44) is greater than the 
tensile adherence of traction member 16 to the GI tract 40 in a direction perpendicularly 
away from the surface of the GI tract 40 (as indicated by arrow 46). 
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Reference is now made to Fig. 2, which illustrates introducing the gastrointestinal 
system 10 into a rectum 48. The gastrointestinal system 10 may be mounted on a wire or 
other slender member 50. Power may be supplied to the gastrointestinal system 10 via 
slender member 50, such as but not limited to, electrical power (e.g., supplied through 
wires in slender member 50), tubing connected to a source of positive fluid pressure (e.g., 
for introducing air or water) or a source of negative fluid pressure (e.g., suction). 
Alternatively, the gastrointestinal system 10 may comprise its own battery or other power 
source. 

The gastrointestinal system 10 may be initially disposed in a sheath 52 that serves 
as a protective cover for the gastrointestinal system 10 during insertion in the rectum 48. 
Sheath 52 may be flexible or rigid. Sheath 52 may be provided with a pull-wire 54 to 
remove the sheath afterwards (as seen in Fig. 3). 

In accordance with another embodiment of the present invention, sheath 52 may 
alternatively be configured to remain in the anus and simply open to release the 
gastrointestinal system 10, which exits the sheath 52 and proceeds into the GI tract. After 
the gastrointestinal system 10 has traveled in the GI tract, the gastrointestinal system 10 
may be extracted back into the sheath 52. The sheath 52 may lower the friction of the 
guidewire against the anus during use of the gastrointestinal system 10. Additionally or 
alternatively, a protective funnel 56 may be provided for introducing/extracting 
gastrointestinal system 10 in/from the body lumen (rectum). 

Reference is now made to Fig. 7, which illustrates a gastrointestinal system 60, 
constructed and operative in accordance with another embodiment of the present 
invention. 

Gastrointestinal system 60 may comprise a carrier 62 and an actuator 64, which 
may be constructed in a similar manner as described hereinabove for the gastrointestinal 
system 10. Thus the detailed description of the carrier and actuator does not need to be 
repeated. As described before for the gastrointestinal system 10, the gastrointestinal 
system 60 may include an imaging device disposed therein, diagnostic and/or therapeutic 
devices and gear trains or other drive system to drive traction members 66. 

In the gastrointestinal system 60, the traction member 66 may include an 
elastomeric member 68 applied over a roller 70 (shown more in detail in Fig. 8). The 
elastomeric member 68 may be stretched tightly or loosely over roller 70. Alternatively, 
the elastomeric member 68 may be coated on roller 70. The elastomeric member 68 may 
be constructed of silicone rubber or some other medically safe elastomer, for example. 
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Roller 70 may be constructed with a "waffle-like" outer surface, comprising a plurality of 
indentations 72 separated by walls 74. Roller 70 may be mounted for rotation on an arm 
76. Actuator 64 may be connected to roller 70 by a gear train 77 or other linkage. As 
before, traction member 66 is sufficiently compliant so as to deform in conformance with 
a shape of the GI tract during traction therealong. 

Fluid passages 78 may be built into rollers 70 and arranged for fluid 
communication (e.g., with the fluid being air) with one or more ports 79 formed in arms 
76. One of the ports 79 may be connected to a source of negative pressure (suction), 
referred to as suction source 80, which may be housed in carrier 62 or which may be 
external to the gastrointestinal system 10 and connected thereto with appropriate tubing. 
The suction source 80 may draw a vacuum through port 79 and through fluid passage 78 
so as to suck the tissue of the body lumen (e.g., GI tract) against the elastomeric member 
68, thereby enhancing the traction of the gastrointestinal system 60 with the body lumen 
walls. 

Additionally or alternatively, another port 81 may be connected to a source of 
positive pressure (blowing), referred to as blowing source 82, which may be housed in 
carrier 62 or which may be external to the gastrointestinal system 10 and connected 
thereto with appropriate tubing. As the roller 70 rotates, it first aligns with the port 79 that 
is connected to the suction source 80. Continued rolling of the roller 70 results in 
alignment with the port 81 that is connected to the blowing source 82. The blowing 
source 82 may force fluid (e.g., air) through port 81 and through fluid passage 78 so as to 
clean fluid passage 78 from any debris that may have accumulated thereon. 

It is appreciated that various features of the invention which are, for clarity, 
described in the contexts of separate embodiments, may also be provided in combination 
in a single embodiment. Conversely, various features of the invention which are, for 
brevity, described in the context of a single embodiment, may also be provided separately 
or in any suitable subcombination. 



